INTRODUCTION
Quantitative assessment of hydrological variables, such as precipitation, evaporation, infiltration and runoff, and their use in water balance studies or in the problems of design and forecasting will only be rational when they are applied to an area with well-defined boundaries or a drainage basin. Runoff from a drainage basin is influenced by various physiographic and climatic factors. Climatic factors are natural occurrences usually outside man's influence. While the physiographic factors may be influenced, they generally vary only with respect to geological time and may thus be constant.
Morphometry is a quantitative description and analysis of the landform of a basin or watershed. The landform has been shown to have a significant effect on water output from a watershed [Howard, 1990; Doad et al., 2012; Ezemonye & Emeribe, 2013] . The landform is quantified with some parameters which fully describes the basin physical characteristics. These include the basin size (Area, Perimeter), shape factors, drainage density and intensity, bifurcation ratio and stream density among others [Pal et al., 2012] .
In recognition of the usefulness of these parameters in the hydrological prediction of basins, many morphometric studies have been carried out in different parts of the world with varying degree of accuracy [Golekar et al., 2013 ; Nanda et al., 2014; Al-Saud, 2009] and in Nigeria [Ajibade et al., 2010; Eze & Effiong, 2010] . In the past, the measurement of these parameters has been done with maps but there has been an improvement in the measurements with the application of GIS and remote sensing [Pareta, 2012; Pingale et al., 2012] . However, these processes can sometimes be expensive in areas with relatively low IT penetration and uncertainty can be large. Data interpretation may also be difficult [Zhang et al., 2015] .
There are several basin characteristics of hydrological relevance. Many of them are interrelated and it is therefore reasonable to determine which of the parameters has the greatest influence on basin quantitative and hydrological analysis. This will help reduce the number of parameters required for modelling a basin without necessarily increasing model uncertainty. This study applies the method of principal component analysis to extract the most important information from the parameter set and reduce the number of the parameters needed for rainfall -runoff modelling in central Nigeria.
METHOD OF STUDY
Five drainage basins were selected across central Nigeria and demarcated on a 1:50,000 topographical map. GIS maps of the basins to the same scale were used for quality control. The various physiographic parameters determined for the basins include:
• Catchment (basin) area -this is the most important basin parameter in hydrological analysis. The boundary of the area is determined by ridge separating water flowing in opposite directions. Basins located in plains and coastal areas were not chosen because delineation of catchment area along the ridge line might be difficult in such areas.
• Catchment (basin) shape -the shape of the basin influences the time taken for water from the remote part of the catchment to arrive at the outlet. The shape of the basin is quantitatively measured by various factors such as the Form Factor, Circularity Ratio, Elongation Ratio and Compactness Coefficient (Reddy, 2008) . The Form Factor (FF) is defined as the ratio of average width to the axial length of the watershed [Suresh, 2008] : This can also be estimated from the ratio of basin area to the area of a circle having a
The Circularity Ratio (CR) is defined as the ratio of the basin area to the area of the circle whose perimeter is equal to the perimeter of the basin: This can also be estimated from the ratio of basin area to the area of a circle having a perimeter equal to the perimeter of the basin.
The Elongation Ratio (ER) is the ratio of the diameter De of a circle whose area is same
where: P -basin perimeter, A -basin area.
This can also be estimated from the ratio of basin area to the area of a circle having a perimeter equal to the perimeter of the basin. The Elongation Ratio (ER) is the ratio of the diameter D e of a circle whose area is the same as the area of the basin to the length of the basin [Reddy, 2008] . f. Ruggedness Number is a product of basin relief and drainage density.
g. Drainage Texture is the ratio of the total number of streams of all orders to the basin perimeter. This does not depend on the lithology, infiltration capacity and relief aspect of the terrain (Zende and Nagrajan, 2011) and its quantitative description is so difficult that qualitative expressions such as coarse, medium and fine are usually applied (Matsuda, 2004 ).
(4)
Another parameter related to basin shape is the Shape Factor, which is defined as the ratio of the main stream length to the diameter of a circle having the same area as the watershed (inverse of the elongation ratio). The Unity Shape Factor is the ratio of the basin length to the square root of the basin area.
• Catchment Slope affects momentum of runoff and reflects the rate of change of elevation with respect to distance along the principal flow path. 
where: L s -total length of all stream channels in the basin, A -basin area.
• The Constant of Channel Maintenance is the reciprocal of the drainage density.
• Ruggedness Number is a product of basin relief and drainage density.
• Drainage Texture is the ratio of the total number of streams of all orders to the basin perimeter. This does not depend on the lithology, infiltration capacity and relief aspect of the terrain [Zende and Nagrajan, 2011 [ and its quantitative description is so difficult that qualitative expressions such as coarse, medium and fine are usually applied [Matsuda, 2004] .
• The Stream Density is obtained as the ratio of the number of streams to the area of the basin [Reddy, 2008] . It can also be expressed as the number of streams per square kilometre [Raghunath, 2008] .
• The Bifurcation Ratio is the ratio of the number N i of channels of order i to the number N i+1 of channels of order i+1. This is relatively constant from one order to another and is known as Horton's Law of stream numbers [Chow et al., 1988 ].
• The Fitness Ratio is the ratio of the main channel length to the length of the basin perimeter, which is a measure of topographic fitness.
• The Wandering Ratio is the ratio of the main stream length to the valley length. The valley length is the straight line distance between outlet of the basin and the farthest point on the ridge [Seth et al., 1998 ].
• The Watershed Eccentricity is expressed as: 5 h. The Stream Density is obtained as the ratio of the number of streams to the area of the basin (Reddy, 2008) . It can also be expressed as the number of streams per square kilometre (Raghunath, 2008) .
i. The Bifurcation Ratio is the ratio of the number Ni of channels of order i to the number
Ni+1 of channels of order i+1. This is relatively constant from one order to another and is known as Horton's Law of stream numbers (Chow et al, 1988) . where: τ -a dimensionless factor called watershed eccentricity, L c -straight length from the watershed mouth to the centre of mass of the watershed in the same unit, W c -width of the watershed at the centre of mass and perpendicular to L c .
• Sinuosity Index is the ratio of channel length to down valley distance.
• Basin Infiltration Number is the product of the drainage density and the stream frequency. It gives an idea of the infiltration characteristics of the watershed [Pareta & Pareta, 2011] .
The obtained data for the selected basins was subjected to a principal component analysis (PCA), a variable reduction technique. In this procedure, new variables are derived (principal components) which are a linear combination of the original variables. This renders some variables redundant as a result of their correlation with one another. Detailed description of the procedure will be found in Abdi & Williams [2010] .
RESULTS AND DISCUSSIONS
The chosen catchments are the Oyun, Asa, Gongola, Taraba and Katsina Ala rivers basins (Figure 1) .
The control points of the Asa river basin was taken as the Asa Dam (Ilorin) (Lat. 8 o E). The basins have fern leaf shapes. With this shape, the times of concentration are long since the tributaries are of varying lengths. The discharges from the catchments are thus distributed over a long period. The shapes of the drainage basins as defined by various parameters are given in Table 1 .
Basin Slope. The average slopes of the basins are in Table 2 . This was obtained by finding the slope of various sections of the main channel profile and finding the average. Drainage Density. This is a useful numerical measure of landscape dissection and runoff potential. While it is a result of interacting factors controlling surface runoff, it also influences the water output from the drainage basins [Malik Table 3 shows the drainage densities for the five basins.
Basin Relief. Basin relief parameters are given in Table 4 . Drainage Texture (DT) for the basins is low (<2.5). This is indicative of a very coarse soil texture. The Ruggedness Number (RN) indicates the structural complexity of the basin terrain. Basins having high RN are susceptible to erosion [Bagyaraj & Gurugnanam, 2011 ].
Morphometric Parameters Selection.
A quick correlation analysis of the shape parameters shows that the bifurcation ratio has a high correlation with the other shape factors (Table 5) , which was why it was correlated with other basin relief parameters listed in Table 4 . The correlation coefficient between the relief parameters is shown in Table 6 . Some parameters were excluded because they depend totally on some other parameters which are already included (for example, the Constant of Channel Maintenance is the inverse of the drainage density and was therefore excluded).
The identification of unique parameter sets to run a specific model efficiently has always been difficult because of parameter interdependence as seen in Tables 5 and 6 . To determine how many parameters are required to describe the model, a principal component analysis was conducted on the parameters. The result of the eigenvalues is presented in Table 7 and the component loadings is given in Table 8 . In Table 7 , it can be observed that three parameters have eigenvalues greater than unity and they account for 100% of the variance. From Table 8 , the Fitness Ratio (FR), Ruggedness Number (RN) and Watershed Eccentricity has a high component loading in the three principal components and will thus adequately represent the other parameters. The basin eccentricity has a good correlation with the FR and RN. 
CONCLUSIONS
The conversion of rainfall to runoff in a basin is a complex process. However, morphometric properties of the basin play an important role in the process. The predictions of flows in ungauged basins (PUB) as is often required in hydrological studies are inevitably based on the rainfall -runoff models. It has been shown that over-parametization of models does not necessarily make the model more efficient [Perrin et al., 2001 ] and therefore there is some advantage in reducing the number of parameters required for hydrological modelling if important information is not lost. In this case, it has been shown that despite the array of parameters for basin description, only three (RN, FR, and WE) can adequately describe the morphometric features of a basin in central Nigeria. This reduces the time and effort expended on the determination of all the various parameters when the three are adequate representation.
